Abstract. A sensitivity study to evaluate the greatest impact that sea-ice anomalies around Antarctica could have on the global atmospheric circulation is conducted with the National Center for Atmospheric Research Community Climate Model, Version 2. A 15-year seasonal cycle simulation is performed in which all sea ice around Antarctica is removed and replaced by year-round open water at -1.9øC. The results are compared to a standard 15-year seasonal cycle run with boundary conditions set for the present climate. The comparison shows that substantial changes in pressure, vertical circulation, and precipitation are found in both hemispheres as a result of Antarctic sea-ice removal. These anomalies are more significant in the southern hemisphere during May-September, whereas the anomalies are more notable in the northern hemisphere during September-November, a result which was not present in previous perpetual simulations. Convective precipitation increases and largescale precipitation decreases as the circumpolar trough moves closer to Antarctica in response to the sea-ice removal. Positive and negative anomalies form a wave-like train in the troposphere. The anomalies include the delayed onset of the winter monsoon over northern China during September. This result is in basic agreement with an observational study that found monsoon parameters are correlated with Antarctic sea-ice characteristics. In addition, the mean meridional circulation and convective precipitation have a monthly modulation of roughly 5% in the tropics. Mechanisms for the global atmospheric propagation of the impact of the Southern Ocean surface heating anomalies are examined.
. This paper considers whether variations in the polar climate forcing of the SH can provide an additional source of global circulation anomalies. Thermodynamic and dynamic mechanisms associated with the global propagation of these atmospheric perturbations are also addressed.
Approach
Here the impact of Antarctic sea ice rather than that in the Arctic is considered. This is because of the very dynamic nature of Antarctic sea ice and the fact that it is located at lower latitudes and is less confined by land masses than its northern counterpart. In the evaluation of the performances of NCAR CCM and other GCMs over the polar regions [Xu et al., 1990; Tzeng et al., 1993 Tzeng et al., , 1994 Bromwich et al., 1994 Bromwich et al., , 1995 Chen et al., 1995; Xu et al., 1996] , it has been found that horizontal resolution is one of the major factors determining the accuracy of simulated features. Models with insufficient spatial resolution (e.g., R15, or about 4.5 ø latitude x 7.5 o longitude) severely distort complex terrain and generate major discrepancies in and around the polar areas, especially Antarctica. The NCAR CCM2, which has a standard horizontal resolution of T42 (2.8 ø latitude x 2.8 ø longitude), is a suitable model to perform this sensitivity study because it adequately captures most climatic features in southern high latitudes even though it has a highly simplistic treatment of sea ice [Hack et al., 1993; Tzeng et al., 1994] .
In order to evaluate the greatest impact that sea-ice which has the standard CCM2 boundary and initial data sets and new cloud optical properties [Kiehl, 1994] . Partially motivated by the perpetual winter simulations of SB, the 15-year simulations of CCM2 for both CNT and NSIS are integrated with seasonally varying forcing. This tums out to be an important difference in comparison with previous perpetual simulations. Mitchell and Senior [1989] have found that the change in surface roughness, in addition to the surface thermal forcing, is an important contributor to the response in these experiments. The results presented in this paper are from averages of the 15-year integrations CNT and NSIS, unless specified otherwise. The simulations begin with identical atmospheric initial conditions during September, about the time of maximum sea-ice extent. The initial conditions allow us to study the rate at which the response to the differential forcing is propagated through the atmosphere. An additional 15-year simulation NISH with both the ice shelves and sea ice removed from the SH was performed for a companion study [Bromwich et al., 1998 ]. The results of NISH were usually similar in structure to those of NSIS, but 
Simulation Results

Regional Responses
As expected, the maximum response of surface temperature to the removal of sea 'ice occurs during the austral winter. Figure 1 shows the July average of model-simulated surface temperatures of CNT and the difference between NSIS and CNT for high southern latitudes. Because the sea surface temperatures outside the sea-ice zone, which are updated on the basis of climatological observations, have not changed between CNT and NSIS, the oceanic changes are purely due to the replacement of sea ice by open water at -1.9øC. The smallest temperature differences are to the north of the sea-ice edge, while the difference increases at higher latitudes with a maximum of 37øC off the Ross Ice Shelf (near 75øS, 170øE). The temperature differences over the found a roughly similar zonal wind anomaly in her modeling study of the effect of a large polynya in the Weddell Sea. The influence of the polynya extended into the NH.
Seasonal Cycle
In previous studies, perpetual runs have been used to assess the sensitivity of the hemispheric circulation to changes in sea ice under the assumption that the major responses will be confined to the same hemisphere. Therefore it is interesting to examine what changes in the global circulation occur as a result of year-round removal of SH sea ice when seasonally varying forcing is applied. It is helpful here to first understand the relationship between seaice removal and the seasonal cycle of dimate.
To examine the average seasonal cycle differences between CNT and NSIS, the zonal-mean precipitation is evaluated to focus on the modulation of the circumpolar trough around Antarctica and the convection in the tropics. The precipitation displayed in Figure 8 To gain an appreciation of the annual cycle in the NSIS simulation, Figures 11 and 12 display the seasonally averaged meridional circulation for June, July, and August and for December, January, and February, respectively. Figure 11 shows that in the austral winter, the polar direct cell is enhanced south of 70øS by the sea-ice removal. This is consistent with the precipitation impacts seen in Figures 5  and 8 . The Hadley cell is also intensified in winter by roughly 3%. During these months, the meridional circulation in the NH is very weak in both CNT and NSIS. In the austral summer, by contrast, the surface temperature is only very slightly influenced by the sea-ice removal. Consequently, the differential forcing between NSIS and CNT is very small; hence the difference field for the zonal mean displayed in Figure 12c is very small in the SH polar and midlatitude regions. The anomalies in the tropics and NH are not statistically significant. Significant anomalies, however, are seen in the differences from the zonal means (Figure 4) . 
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